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Abstract We have prepared Zn1−xYxO (x = 0 and 0.01)
tubes to study its structural and photoluminescent proper-
ties. A pore wetting process of porous polycarbonate tem-
plates with the liquid precursor and following thermal treat-
ment were utilized for preparing the Zn1−xYxO tube struc-
ture. Using the polycarbonate template with pore size of
about 2 µm diameter, the Zn1−xYxO tubes were obtained.
Photoluminescence (PL) spectroscopy was used to measure
optical emissions from 350 to 650 nm with a He-Cd laser.
The results of the PL spectra show that the Zn1−xYxO tubes
have evident emission peaks at the UV (about 380 nm) and
visible (around 500 to 650 nm) region. The emission peak
at the UV region was slightly shifted to higher wavelengths
with increasing Y content. Meanwhile, the green and yellow
emission peaks intensity increases as Y content increases.
These results are explained by the structure tuning and oxy-
gen deficiency with the introduction of Y.
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1 Introduction
ZnO has recently drawn much interest for the possible appli-
cation in optoelectronics devices [1–3] due to the large direct
bandgap of 3.37 eV and an exciton energy of 60 meV. ZnO
with suitable dopants can be used as photoconductors for
electrophotography [4], varistors for electrical circuits [5],
and sensors for gas detection [6]. There have also been re-
ports on highly conductive and optical transparent ZnO films
in the visible range suitable for transparent electrodes in so-
lar cell and liquid crystal display applications [7, 8].
Recently, advanced researches in the synthesis and char-
acterization of tube, wire and rod of ZnO have been
driven by the need to understand the novel physical prop-
erties [9–11]. ZnO doped with selective elements offers an
effective method to adjust the electrical, optical, and mag-
netic properties of ZnO, which is crucial for its practical
application [12–14].
The references mentioned above are the results for ZnO
based films and nanowire. In the present study, we report a
simple method to prepared Zn1−xYxO tubes. The structures
and morphologies of the tube are analyzed by various tech-
niques. This paper concentrates on an attempt to study the
influence of yttrium doping on the photoluminescence prop-
erties of Zn1−xYxO tubes. It is found that the crystallization
and the corresponding optical properties of the Zn1−xYxO
tubes are affected by the doping concentration of yttrium in
the ZnO tubes.
2 Experimental
The Zn1−xYxO (x = 0 and 0.01) tubes were thoroughly de-
posited on the SiO2/Si substrate. The fabrication process of
the Zn1−xYxO tubes is shown in Fig. 1. The source solutions
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Fig. 1 Fabrication process of the Zn1−xYxO tubes
for x = 0 and 0.01 were prepared by using the precursors,
zinc acetate dehydrate Zn(C2H3O2)2·2H2O, yttrium acetate
Y(C2H3O2)3·4H2O and 2-methoxyethanol C3H8O2, in sto-
ichiometric ratios, respectively. Transparent solutions were
obtained after being stirred on a hot plate at 150 ◦C for 1 h.
After natural cooling to room temperature, porous polycar-
bonate templates were dipped into the solutions and stacked
on the SiO2/Si substrates, respectively. Heat treatment of
samples was immediately performed by furnace for 2 hours
at 500 ◦C.
Morphological characterization of all samples was ob-
served via a Hitachi S-4800 scanning electron microscopy
(SEM) at 3.0 kV. The crystal structure of Zn1−xYxO tubes
was determined by using a Rigaku Dmax 2200 x-ray dif-
fractometer with Cu Kα radiation. Photoluminescence spec-
troscopy was used to measure optical emissions from 350 to
650 nm by a He-Cd laser with the wavelength 325 nm.
3 Results and Discussion
Figure 2 shows a SEM image of isolated tubular polycrys-
talline structure of Zn1−xYxO tube obtained from the sacri-
ficial polycarbonate template with 2 µm pore size. The exter-
nal diameter around 1.7 µm and the length around 8 µm are
dependent on the pore radius and thickness of the template.
The crystal structure of the Zn1−xYxO (x = 0 and 0.01)
tubes is analyzed by XRD patterns as shown in Fig. 3. The
Fig. 2 SEM image for Zn1−xYxO tube of x = 0. (The bar denotes a
guide for the eye)
Fig. 3 X-ray diffraction patterns for Zn1−xYxO tubes
XRD patterns reveal that the above two polycrystalline sam-
ples are found to have the same wurtzite hexagonal structure
with space group P63/mc. For the Zn0.99Y0.01O tubes, due
to the slight shift of diffraction peaks to lower angle in the
XRD pattern, the 1% substitution of Zn by Y leads to an in-
crease of lattice without changing the wurtzite structure. It
is reasonable that the ionic radius of Y is larger than that of
Zn. No extra phase is observed and one can conclude that
the impurity phases are negligible. Furthermore, the slightly
broadened full width at half maximum (FWHM) of the XRD
peaks for the sample Zn0.99Y0.01O indicates the decrease of
the grain size with the introduction of Y. The average grain
size can be calculated from the classical Scherrer formula,
t = 0.9λ/β cos θ , where t is the grain size diameter in Å, β
is the FWHM, and λ is the wavelength of the X-rays. The
average grain sizes for the two compositions are 33 nm for
x = 0 and 25.6 nm for x = 0.01. The decrease of the grain
size with increase of the Y content have been explained by
the increase of oxygen vacancies and lattice interstices due
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Fig. 4 Photoluminescence spectra of Zn1−xYxO tubes depending on
variation of different content (x = 0 and x = 0.01)
to the lattice distortion resulting from the introduction of Y.
Thus the further photoluminescence (PL) emission spectra
should be measured and discussed.
Figure 4 shows the room temperature PL emission spec-
tra of the Zn1−xYxO tubular structures of x = 0 and
x = 0.01. One distinct peak of ultraviolet (UV) emission
is observed. This UV emission peak is induced from the
excitonic recombination, corresponding to near-band-edge
emission of ZnO [15]. Another broad hump is also ob-
served around 500 to 650 nm. The visible emission spec-
trum of ZnO is green or yellow depending on the avail-
ability of oxygen states. The green emission referred to
as deep-level emission attributed to the recombination of
electrons trapped in singly ionized oxygen vacancies with
holes [16–18]. The yellow emission results from the inter-
stitial oxygen ions in the lattice [19].
The UV emission peak exhibits an increase from 375 nm
for pure ZnO to 385 nm for Zn0.99Y0.01O with an increase
of Y. This red shift emission is due to the excitonic level
generated by doping of Y. The great increase in intensities
of green and yellow emission with the increased Y contents
indicates the increase of oxygen vacancies and oxygen inter-
stitials for the Zn0.99Y0.01O tubes. The results are consistent
with the previous discussion of XRD results.
4 Conclusion
The Zn1−xYxO (x = 0 and 0.01) tubes are prepared by a
simple method with liquid precursor and porous polycarbon-
ate template. The decrease of grain size is observed as the
Y content increases. PL spectra show that the Zn0.99Y0.01O
tubes have clear emission peaks at the UV region shifted
from 375 nm for pure ZnO to 385 nm for Zn0.99Y0.01O tubes
with the increase of the Y content. Meanwhile, we observed
two distinct humps on the green and yellow emission re-
gions as the Y content increased to 1%. These results are
induced by the structure distortion and oxygen defects due
to the introduction of Y.
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